Ultraviolet-Induced Cutaneous Hyperemia and Steroid-Induced Cutaneous Hypoemia Measured by Xenon 133 Disappearance in Dogs*  by Chimoskey, John E. & Flanagan, William
THF. .Jot'RMa or la.vt:.,Tu;ATI\E DERMATOLOI;\ , 63: 362 368. 1974 
Cnpyraght @ 1974 ll\ The Willanms & Wilkins Co. 
\'ol 6:1, No I 
Prmted in C.:.S.A. 
ULTRAVIOLET-INDUCED CUTANEOUS HYPEREMIA AND STEROID-INDUCED 
CUTANEOU HYPOEMIA MEASURED BY XENON 133 DISAPPEARANCE 
IN noes• 
.JOHN E. CHlMOSKEY, M.D .. AND WILLIAM F'LANAGA . PH.D. 
133Xe dt!Sappearance ra tes tn dog skin were determined by injection oJ 100 JI.C 133Xe 
dissolved in 0.025 rnl physiologic saline solution into the skin with a 30-gauge needle and 
external detection of gamma radiation with a 2-inch sodium iodide crystal. photomultiplier, 
rate meter, and timer-scaler system. Skin temperature was measured by a thermistor. , kin 
blood flow was manipulated by the topical application of fluucinolone acetonide and by 
ultraviolet radiation. Fluocinolone acetonide caused significant reduction of s kin blood llow, 
and ultraviolet irradiation caused significant inc rease in skin hlood flow . 
There is need of a method for measuring skin 
blood flow in man which is applicable to any part 
of the skin surface. External detection of the rate of 
disappearance of gamma radiation from skin la-
beled with 133Xe, either by injection or diffusion (1 -
11 ], is potentially ~uch a method. Empirical data 
comparing the rate of ' 33Xe disappearance to flow 
rate determined by digital venous occlusion pleth-
ysmography yielded a high correlation [1 ]. Thi~ 
is extremely fortunate because the experimental 
model is extremely simple and such determina-
tions are easy to perform and to interpret. 
This study is a further extension of the use of 
'
53Xe to measure s kin blood flow. Two procedures 
have been employed which may alter skin blood 
flow. They are ultraviolet irradiation which pro-
duces erythema and may increase skin blood flow, 
and topical steroid hormone application which may 
produce skin vasoconstriction and a reduction of 
skin blood flow. 
MATEIUAL~ A:'IIJ) MET IIODS 
Experiments were conducted in 2 male dogs Their 
backs and sides were shaved 50 hr prior to beginning the 
xenon disappearance studies. The skin was divided into 3 
bands running from one side to the other. One band 
received topical application of fluocinolone acetonide 
(0.01~ in propylene glycol) , one band received only 
propylene glycol, and the third band received no topical 
agent. The!ie agents were applied 4 times in 24 hr at 5- to 
8-hr intervals prior to administration of ultraviolet irradi-
ation to one side of the animal, and they were applied for 
24 hr after UV at the same frequency. Thus. 6 skin 
patches were produced which received: (I ) no treatment, 
(2) propylene glycol , (3) fluocinolone in propylene glycol , 
(4) UV, (5) UV plus propylene glycol, and (6) UV and 
lluocinolone acetonide in propylene glycol. 
Ultraviolet energy was administered from a Westing-
house RS Lamp, 15-min exposure, at I foot lamp-to-sur-
face distance. 
Xenon skin blood flov. determanations were performed 
24 hr after UV expo!<ure and 48 hr after lluocinolone and 
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propylene glycol treatment began. The last treatment 
was given 2 hr prior to the flow determinations. 
About 20 min praor to beginning the flow determina-
tions. the dogs were lightly anesthetized , one with 
pentobarbital sodium and the other with methohexttal 
sodium. The room temperature during these studies was 
18 -± 0.5°C' . Four flow determinations were made from 
each site, in rotation , m one dog. and 3 from each site in 
the other dog. Thus. 7 xenon disappearance determina-
tions were made for each experimental combination. Skin 
temperature was measured in each site with a 3-mm -
diameter thermistor and Yellow Springs Instruments 
Telethermometer. A comparison of skin temperature to 
xenon disappearance rate was then made. 
Xenon disappearance rate was determined by injecting 
100 JJC of lUXe dissolved in 0.025 ml saline into the skin 
with a 30-gauge needle [1]. Gamma radiation was de-
tected by a collimated 2-inch NaJ crystal maintained 8 
inches from the skin surface. The crystal detector 
photomultiplier tube output was amplified and fed to a 
ratemeter stripchart recorder in parallel with a scaler 
timer with digital output which sampled at 6-sec inter-
vals. The disappearance was followed for 7 10 min, which 
was long enough to observe the second slope oft he typical 
two·component disappearance curve. All data were de-
rived from the first t a z to 3 min of the initial slope. 
slower rates requaring longer times to be certain of the 
slope. 
The straprhart output was utilized to identafy any 
discontinuity of the disappearance rate of the type seen 
with movement eat her of the detector or the animal. The 
digital data were analyzed by a computer to give the 
value oft he initial l>lope of the logarithm of count rate v~ . 
tame by a least-squares method. The halftime (t.,) of this 
slope was used to gave flow rate in ml/ min/ 100 gm by the 
formula F'/V 1n2·A 100/t.,, where A, the blood-tissue 
partition coefficient, is taken to be 0.7 [121 and the 
specific gravity of tissue is taken to be I . 
HE!·H'LTS 
The Table presents the xenon disappearance 
rate ex pre. sed as blood flow rate in mVmin/ 100 gm 
of tiss ue and as a percent of the control disappear-
ance rate for each of the 6 experimental combina-
tions. Forty-eight hours of treatment with 8 appli-
cations at 5- to 8-hr intervals of fluocinolone aceto-
nide in propvlene glycol caused the xenon disap-
pearance rate to be reduced significantly below the 
control rate. Application of the vehide propylene 
glvcol resulted in a mean disappearan ce rate lower 
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TABLE 
Skm blood {lou· determmed b-' •uxe disappearance 
--,----------.-----------
ac~lmude Pntpylcne 
glycol O.Cll"i '" l:\' alone 
Fl u<><'tnol·nr~~-~ l'\ plu' 
propvlene 
glvcnl 
L\' plu~ nun 
cinolone nee· 
wmde 0.01 •, propvlene 
gh rul prt>Jl\ I em• ~I wul 
-------11------ - -
0 o· .& 0 .& 
____ __.__ 
mVmm/ 100 gm_L 
mean :r s.d . 5.7 " 4.3 
'\ of con trot 
mean % s.d . 100 ± 75 
3.8 .to 2.1 
67 i 37 
2.4 • 1.0 I 20.2 * 2.2 
42t l8~~9 
11.1 ± 5.0 
195 .L 88 
11.7 %2.5 
205 ±. 44 
Significantly different from control : •, p :!! .025: e , p :!! 0.05; .&, p < 0.001 
Significantly different from UV alone: 0 , p < 0.001; D., p < .005 
. 
41 
• 
" 
" 
.:.-... ~ · . 
..... ,, .... Go~. · ·· 
........... ~-··' 
• 
• .. . ....,.. .... eo~ ··• 
• "'.,........_ ac._. ,., 
'j::___ r 
. ' .. 
" 
F1c: Skin blood flow vs. skin temperature . Each point 
is a mean value. The regression equation, computed for n 
41 data points, is significantly differE'nt from zero, p < 
0.005. The correlation coefficient is r 0.47. 
than the conlrol mean rate but thf? difference wa~ 
not significant. 
ltraviolet irradiation produced b) a Westing-
house RS sunlamp for 15 min at I foot caused 
definite erythema and significant elevation of skm 
temperature !Fig.l and skin blood flow rate !Ta-
ble) 24 hr after irradiaticm. 
Fluocinolone acetonide. 0.01";. in propylene gly -
col, and propylene glycol alone when applied 4 
time~ in the 24 hr prior to V irradiation and 4 
times in the 24 hr after UV irradiation res ulted in 
xenon disappearance rates s ignificantly above the 
control flow rate and significantly below the rate 
produced by UV irradiation alone when examined 
24 hrafter l 'V irradiation. Therewasnosil{nificant 
differenee between the xenon disappearance rates 
re~ultinl{ fro m the V proplenc glycol combination 
and the UV !luocinolone aeetonide in propylene 
glycol combination. 
When skin temperature is plotted against xenon 
disappearance ratt> CFig.), there is a s ignificant 
relation;,hip between tempera ture and flow (y 
0.11 t 29.4x, p < .005). The correlation coefficient 
for linea r regression of temperature on flo,, is r 
0.47 . 
DISC'LIS$10N 
Xenon dibappearanct> rates correla te well with 
digital plethysmograph) in man [I[. In this studv. 
skin temperature, which is a crude indicator of skin 
blood now [1:3]. demonstrated significant linear 
re1-tression on !low. hut the correlation coeffic ient (r 
O..ti) indicat es that only a minor portion of the 
varia! ion in temperature can be attributed to its 
linear regression on n ow as might be expected. 
Xenon mav be removed from the skin bv transcu-
taneous di.ffus ion, by swea t, or by blood flow [6 ) . 
Because the skin of the trunk of dogs does not 
contain eccrine sweat glands (14 ), loss in sweat is 
not a potential proble m. We ha\'e ~hown in re-
cently killed guinea pigs (unpublished observa-
tions) that the rate of xenon disappearance from 
UV -treated skin is less than 3CV,. of the control rate 
of disappearance in live guinea pigs. Thus, 24 hr 
after ultraviolet irradiation, the epidermal diffusion 
barrier has not been disrupted enough to account 
for the high rate& of xenon disappearance which 
occur 24 hr after UV irradiation. Therefore, in-
creased blood flow mus t be required for the high 
rate of xenon disa ppearance following ultraviolet 
irradiation. It follows then that ultraviolet irradia-
tion which produces erythema and elevation of skin 
temperature also produces the increased rate of 
s kin blood flow. 
Topical application ol nuocinolone acetonide 
cause~ skin blood flow to decrease. It is possible 
that the vehicle, propylene glycol, also causes skin 
blood flow to decrease, but in thi study a s ignifi -
cant !>kin floy. reduction in normal skin rould not 
be demo nstra ted. Howe\'er, fluocinolone acetonide 
in propy lene glycol and propylene glycol alone were 
equally effective in reducing the skin blood !low 
increase which ultrav iolet irradiation causes. This 
may be because both lluocinolone and propylene 
glycol a re vasoconstrictor agents or it may be 
because both agents were applied fo r 24 hr p rior to 
UV irradiation and thus were able to absorb or 
scatter enough radiation at the skin surface to 
effecti,elv reduce the UV dose which the skin 
received .- It seems po;,sible that both agents re-
duced the UV d ose received by the skin by reduc-
ing the absorbed UV dose, because in guinea pigs 
propylene glycol alone had no effect on the UV -
induced skin blood fl O\\ increase when it was 
applied after the UV irradiation. Attenuation of 
UV hyperemia by lluocinolone acetonide in propyl-
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ene glycol is probably the result of both reduction 
of the UV dose by the vehicle and by vasoconstric-
tor action by f1uocinolone acetonide. The vasocon -
strictor action is likely because fluocinolone caused 
flow reduction in dog ~;kin not subjected to U\' 
irradiation and because it reduced the U\'.induced 
hyperemia of guinea-pig skin when applied for 24 
h r after UV irradiation (unpublished observations). 
Because the reduction of UV hyperemia in dog skin 
was the same for fluocinolone acetonide in propy-
lene glycol and for propylene glycol in dogs treated 
before UV irradiation, it is uncertain whether dose 
reduction, vasoconstriction. or both caused attenua-
tion of the UV hyperemia in dogs. 
Topical application of another steroid. fluran · 
drenolide , dispersed in the adhesive layer of tape 
applied continuously fo r 18 24 hr prior to skin 
blood flow measure ment by 133Xe disappearance in 
man, also resulted in decreased ~;kin blood now [2]. 
Flow was measured by the epicutaneous labeling 
technique (7] because it was assumed that the 
injection technique may elevate now by local 
t ra urn a of inject ion [2, 7) and thus might obscure a 
steroid-induced flow reduction [2). By the epicu-
taneous method a 31~ reduction in flow wa 
measured. We observed a 58'l steroid-induced 
reduction of skin blood flow by the injection 
technique . Because the injection technique corre -
lates well with venous occlusion plethysmography 
( 1), because it ib simpler to use than epicutaneous 
labeling, and because it is capable of measuring 
flow reductions from control levels. (5.7 2.4 ml/ 
min/ 100 gm. in this study) which are similar LO 
those which result from the epicutaneous method 
(5.55 :l.84. ml/min/ 100 gm [2)). it would seem that 
the inject ion technique deserves furl her use. 
We wish to acknowledge the technical assistance of 
Robert Bruce cott IV and Bonnie Ashleman. and to 
thank Ms. Hedt Nurk and Ms. Eileen Loretz for prepara· 
tion of the figure and monuscr1pt. 
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Thh> paper wa!> reviewed by Per Sejrsen. ~.D. of the L'niversit~· of Copenhagen. Dr. 
ej11>en submitted the following comments: 
The 133Xe washout method can be a quantitattve method for measurement of blood 
flow in cutaneous tissue provided the method is u~ed correctly. llts important to aL•oid 
the trauma of inJection by using a labeling procedure with gas diffusion from the skin 
surface. Furthermore. it is nece.,san· to make a btexponential resolution of the washout 
curve to gel the washout from the cutaneous tissue separately [1 ]. On empirical 
grounds. it has been shown that the washout after intracutaneous injection of 133Xe in 
saline yields curves which a re com parable to the atraumatic gas application curves if 
data are obtained after 20 min from the injection and a biexponential resolution of 
this part of the curves is performed (I]. Chimoskey and Flanagan have not used the 
method in accordance with the conditions mentioned. They have u.,ed the initial slope. 
i.e., the traumatic pha.se. and have not performrd cun·e resolution. Thus, the results 
obtained are qualitative and not quantitative and therefore it is not correct to give the 
results in ml/100 gm -min. The res ults ought to he gtven as rate cons tants and changes 
in rate constants of the washout. It is t•er:- important to understand thnt the initinl 
slope is not synony mous u·ith cutaneous blood {lou· et•en when w;mg the atroumatic epi-
cutaneous method. 
The authors refer to and take support from the prevwus work of one of them in which 
a comparison was performed between 133Xe washout and venous occlusion plethys-
UV· /\NO STEROID SKI:-< FLOW CHANGE. MEASURED BY 133XE ON 
mogra phy on a finger [2 ). The u•xe washout was measured after intracutaneous injec-
tion, using the mitial slope. This compari~on is a l ittle special becaul->e the two methods 
when used correctly measure different pa ra meters. The IS3Xe method used in t hi way 
is only qualitati\·e. Venous occlusion plet hysmography measures the total inflow per 
time t o the segment of the linger enclosed in the plethysmogra ph, i.e., cutaneous tissue 
(including a small hy peremic fraction caused by the injection trauma), subcu taneous 
tissue. tendons, and periosteum. Furthermore, a-v shunt \'essels are present in this 
region. A good correlation between rel->ull!, oblained by these two methods is obviously 
not a validation of th e usxe met hod as concluded by the author; not least because the 
m xe method was used as an initial s lope in the traumatic phase and curve resolution 
was not performed. But even if it were a reasonable comparison, it seems to be very 
difficult to extrapolate the results obtained from fingers in man to the skin of va rious 
region!': on the dog. 
I want to emphasize that the validation of the m xe washout method has been 
performed in isolated muscle and subcutaneous tissue by comparison to directly 
measured venous outllO\\ using labeli ng by diffusion as in the e picutaneous method 
[3,4 ). For cutaneous tissue such a compar ison to a direct method has not been possible, 
because an isolated cutaneous tissue prepa ration is not known. Rut a uax e washout 
cu rve obtained separately from cutaneou::. tissue has been measured on the skin fo ld 
between the thumb and the forefinger with the rest of the hand shielded by a lead 
sheet. This curve was ffi()noexponential over :3 I decades after epicut aneous applica· 
tion and it lac ked a second s low phase. When 133Xe in isotonic sali ne:> was injected. a 
hy peremic phase of about 10 15 minutel:o' duration was observed in thb region. When 
the epicutaneous application was used and i:.-;otonic saline without 133Xe was injected in 
three places in order to make injection trauma in the total skin flap ~orne minutes after 
the a tra umatic epicutaneous a pplication . t he same hyperemic blood flow Je,·el and 
duration wert> observed immediately tollmdng the injection . This is clear evidence of 
the trauma of injection in cutaneous tissue, and s im ilar result!:i have been obtained in 
muscle and subcutaneous tissue 15.6 ). 
The other main problem is that the wa!lhout of 133Xe from cutaneous tissue after 
epicutaneous applica t ion shows a biexponential curve in all other regions. except for 
the s pecial situation with the ski n fold bet ween thumb and forefinger mention eel above. 
The slow compartment i~ due to accumulation and washout of 133Xe from subcutane-
ous adipose tissue [1) which has a very high solvent capacity for 133Xe [7). Thus, this 
accumulation in the slow compartment will influence the initial slope of the curve from 
the very beginning. Therefore. it is necessary to ma ke a curve rel->olut ion to obtain the 
cutaneous washout rate sepa rately [I]. 
The author:.' final conclus ion is based on initial s lope calcula tion for both the 
epicutaneous and the inject ion met hod. As the method has been used incorrectly in 
both s ituations, the final conclusion is not acceptable. 
The authors' reason for using a qualitative version of the 1 33Xe washout method in the 
actual study is only that it is less time-consuming. but that is not a good reason in thib 
experimental si tua tion, a lthough it may be so in a clinical situation. The author:-' 
results and conclusions stand unavoidably weaker than necessa ry due to their misu~e of 
the method . 
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The authors have offered the following rebuttal. In order to preserve space the 
reference number.; refer to those in their original manuscript. 
We believe the injection technique provides a useful measure of human skin blood 
flow. It ts Sejrsen 's po!;ition that the epicutaneous technique measures skm blood flow 
and that the injecticm tec-hnique does not. There is no direct evidence to support this 
position. There is direct evidence to support the mjection technique (I). A number of 
circumstantial argument::; have been raised which we shall deal with in turn. To do so, 
we mu~t present new evidence. Therefore. the second half of this response contains new 
data in which mxe disappearance by the injection technique has been used to study 
the skin blood flow time course following ultraviolet irradiatton in 22 human subjects. 
The epicutaneous technique has been wide!) promoted in the world literature 
through repeated publication of the same data [4,5,9.1 0) and 17.8 ). but it has never 
been compared to any index of skin blood flow measurement except the injection 
technique. The epicutaneous technique yields estimates of skin b lood flow which are 
lower than those produced by the injection technique [5,7 10]. The injection technique 
has been compared to digital plethysmography and found to be highly correlated, r 
0.95 . Thill indicates that the injection technique provides as good an estimate of skin 
blood flow as the 5-tandard method. Sejrsen. however, has raised the argument that dig. 
ita! plethysmography may not be compared to xenon disappearance becau, e they 
measure flow through different tissues. When this line of reasoning is pursued. it lead5 
to the conclusion that the epicutaneous method seriously underestimates flow rate: only 
the soft tissue can participate in a volume change, but the plethysmographic rate is 
expressed in terms of total digital volume which includes bone. and thus digital 
plethysmography undere:stimates soft tissue flo" rate . Most of the soft tissue of the 
digit through which blood flows is skin (1:3], hut the subcutaneous tissue may 
participate in a volume change and its rat e of flow i!-. half that of skin (9, 10 ]. which 
results in further underestimation of skin blood fluw rate by plethysmography. The 
high correlnt ion of xenon disappearance by the injection technique. with digital 
plethysmography. may be fortuitous because of systematic errors of both methods. But 
these error.; are in the direction to cast suspicion on the yet lower estimates of skin flow 
rate producecl by the epicutaneous method [5.7 10]. We have new evidence presented 
below which indicates that the injection technique does incleed underestimate skin 
blood flow rate in man. not overestimate it as Sejr:-en has suggested. Thus, the 
epicutaneous data which a re even lower than the injection data a re highly suspect. 
Sejrsen ha!; repeatedly written regarding a trauma of injection substantia ted by two 
passing allusion5 to a flare reaction [4,fi ]. In our experience a flare has occurred only on 
four occasl(lns in one subject who also had hand eczema. In 126 injections in 36 other 
human subjects. we have not observed a llare react ion. Finally. the flow data of this one 
subject did not differ from those of normal control subjects. Sejr!;en has objected to 
extrapolation from dog to man. The studtes done in do~ were pilot studies for the 
human studies presented below, a not uncommon re!:>earch procedure. The data 
presented here are evidence of the valtdit) of this extrapolatiOn. He has also objected to 
ext rapolation from flow measured in one skin region ol man to another region of man. 
The real power of the xenon disappearance method is precisely that one is no longer 
confined tot he finger!; and toes to measure skin blood flow. Lastly, Sejrsen 's statement 
that there is no validity to our contention that the injection technique deserves further 
use is prepo~tcrous. The data presented before [1[. and below, show that the injection 
technique correlates with every available index of skin bi<JOd flow. It is easy to use and 
ea">y to interpret. Even Sejrsen had indicated twice in print (4,.) J that the protracted 
time coul'!le and compartmenta l analysis required of the epicutaneous technique make 
it impractica l for clinical use. We believe the injection technique is practical for clinical 
use, may be applied to any skin region, 11nd is valid by all available criteria . Rates of 
skin blood flow derived from the initial slope of the 133Xe disappearance from pretibial 
intracutaneous inJection sites have been correlated with the succeso. of healing of 
below-knee amputations (Moore WS: Determination of amputation level, measure-
ment of skin blood flow with xenon 1:33. Arch Surg 107:798 802, 1973). We would rein-
force the highly valid cautions which • ejrsen has made that the stratum corneum 
must he intact and sweating must not occur for either xenon disappearance method to 
be a valtd measure of -,kin blood flow (6]). 
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ULTRAVIOLET-INDUCED CUTANEOUS HYPEREMIA MEASURED BY XENON 133 
IN MAN 
JOHN E. CHIMOSKEY, M.D., WILLIAM FLANAC A:--J, PH.D., AND C. ALLE . HOLLOWAY. JR., M.D. 
We have measured the rate of 153Xe disap-
pearance from intracutaneous injection sites in 
control and UV -irradiated areas on the volar as-
pect of t he forearms of II male and II female 
normal human subjects ranging from 22 to 30 years 
of age. The studies were performed with the 
subjects lying quietly on their backs at a room 
temperature of 20.5 ± 0.6°C. Thirty ~!Ci of 133Xe 
dissolved in 0.03 ml physiologic saline solution 
were injected into the skin with a 30-gauge needle 
skin temperature was measured on the injection 
sile during 20 xenon disappearance determina-
tions . Following cont rol measurement of xenon 
disappearance. the skin was irradiated with a 
Westinghouse R sunlamp for 10 min at a distance 
of 1ft from the face of the lamp. The UV -irradia ted 
skin was graded: 0. no redness; l. minimal mottled 
redness: 2, minimal confluent redness ; and 3, 
well-developed redness. Edema and blistering did 
not occur. 
TABLE I 
Effect of UV on skin blood flow. temperature. and color 
Control---------- P tlSI rv--------- --- .. 
Flow 
l 3 l 6 I 12 l 24 l 48 
ubJect Age Sex F T F T (' F T r F T (' F T (' F T c I 
AM• 22 Ms 12.1 30.9 12.8 31.1 o· 16.7 30.5 o· 
TM 24 Ms 12.7 29.0 12.7 30.5 0 17.9 31.1 I 22.1 32.1 2 
TS• 22 Ms 7.2 29.2 8.6 32.0 o· 11.5 30.4 o· 17.6 31.0 o· 
JH'" 25 Ms 5.9 30.1 15.4 28.5 o• 19.0 32.7 o· 5.5 29.9 o• 
JS 22 Ms 3.2 30.8 21.6 32.0 1 32.3 30.2 2 30.3 32.2 2 13.5 28.6 1 
sw 23 Ms 8.3 30.5 30.3 34.7 3 60.6 35.2 3 29.5 32.9 3 24.2 31.4 2 
KL 30 Ms 11 .0 29.9 19.4 31.1 1 13.8 32.0 1 12.6 29.5 1 
NM 23 Ms 8.1 28.8 14 .0 29.9 0 30.3 32.8 I 15.2 30.2 0 18.6 31.0 0 12 
cc 22 Ms 9.8 30.9 22.0 33.3 1 31.3 34.0 2 22.6 32.5 1 26.7 32.5 1 12 
MS 22 Ms 11.3 29.8 21.6 31.8 I 44.1 32.7 2 21.1 31.6 1 12 
E V 27 Ms 8.3 29.2 26.9 33.0 2 34.7 34 .6 3 30.3 29.8 2 4.3 29.4 1 12 
JF 22 Mr 22.1 31.5 28.5 31.1 2 37.3 32.0 3 6 
TS 22 Mr 15.6 28.5 15.1 30.0 0 25.5 30.1 2 6 
EF 22 Mr 21.0 31.9 34 .6 32.8 3 44 .1 33.1 3 6 
PC 22 Mr 13.6 30.1 32.3 31.4 2 37.3 33.0 3 6 
J C 22 Mr 28.5 30.2 37.3 31.9 3 48.5 33.0 3 6 
CH 23 Mr 19.0 30.0 24 .2 32.0 3 24 .2 29. 1 2 24 
JH 27 Mr 17.0 29.5 22.0 30.6 2 53.9 32.4 3 34.6 31.2 2 25.6 31.2 I 
CB 22 Mr 18.3 31.8 24.8 30.8 2 38.8 31.9 2 27.7 32.1 I 
JC• 25 Mr 17.3 30.0 14.9 30.9 o· 15.9 31.2 o• 12.9 30.3 o· 
CN 29 Mr 19.4 30.0 42.2 34.0 3 33.5 33.9 3 44.2 34.6 3 12 
ss 22 Mr 22.0 31.5 32.3 32.9 I 29.4 34.2 2 24.9 33.2 I 12 
n 22 22 6 6 6 18 18 18 12 12 12 12 12 12 6 6 6 14 
i 14.2 30.2 26.8 31.3 L.7 28.4 32.1 1.9 35.4 33.0 2.2 26.4 3L.6 1.6 18.8 30.7 I 
s.d. 6.4 1.0 10.4 1.0 L.4 9.8 1.4 1.0 12.8 1.4 0.7 8.5 1.7 0.9 8.7 1.4 0.6 
s .e.m. 1.4 0.2 4.3 0.4 0.6 2.3 0 .3 0.2 3.7 0.4 0.2 2.5 0.5 0.3 3.5 0.6 0.3 
F ~ flow, ml/min/100 gm: T - temperature, °C; C color, subjective units 0-3: t ~ time post UV, hours; • data 
excluded from Figure 1; Ms. fem~>.i~ ; Mr. male ; n, number excluding • used to compute it and s.e.m. in Figure 1; i , 
mean: s .d ., standard deviation; s.e.m, standard error of the mean . 
and Hamilton syringe for each determination. The 
gamma detector was placed 4 inches above the 
s kin . Not more than 6 determinations were made 
from adjacent skin sites. Otherwise, the method 
was si milar to that described in the preceding 
article. Skin temperature was measured near the 
injection site during each flow determination and 
Table T presents pre-UV control and 3-, 6-. 12-, 
24-, and 48-hr post-UV xenon d isappearance rates, 
temperatures. and colors. Initia l control skin blood 
fl ow was significantly higher (p < 0.001) in men 
( 19.4 ml/min/100 gm) than in women (8.9 ml/ 
min/100 gm}. Initial skin temperatures did not 
differ between men and women. and both control 
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temperature and control flo,, measured in the 
opposite arm did not change with time. Table II 
presents mean blood flow values for 87 individual 
flow measurement!>, grouped according to whether 
they were control or 0. 1, 2, or 3 on the redness 
scale. Control and 0 did not differ but 0. 1. 2. and :3 
are each different from one another (p < 0.005). In 
Figure 1 the combmed male and female skin blood 
flow, temperature, and color data are plotted as a 
function of time following UV irradiation . It ex -
cludes the data for I male and 3 female subjects 
entered in Table l, marked with asterisks. because 
these subjects did not develop ultraviolet erythema 
or the corresponding temperature and flow changes 
at any time after receiving U\'. Both flow (p < 
0.001) and temperature. (p <' 0.025) were signifi-
cantly abo,·e control at 3. 6, 12, and 24 hr. kin 
color, which was !>elected to be redder than control 
at some time during the time cour!\e. proved to be 
significantly above control at :~. 6, 12. 24, and 48 hr. 
The values of both flow and temperature at 12 hr 
TABLE IJ 
Relotronshrp of ,krn blood [lou. to skrn color 
U\' ·induced redne'' 
C'nntn ,, 
0 I 2 :l 
>------
n 22 16 17 17 15 
mean flow (ml/min/ 14 2 14.2 • 21.1 • 29.5 • 39.5 
I 0.9 1.7 1.4 2.5 
lOO gm) 
s.e.m. 1.4 
• - significantly different, p < 0.001; color . subjective 
unils 0 3. 
1 f 
t,...t- +--
Ftc.. 1· kin blood flow, temperature, and color time 
course following UV. Each point is mean :1: s.e.m. 
·c 
~ ll1----..:.. 
flz ~------------------
"' 
0 
r.,.., '"'~'" 
Frr.. 2: An example of the temperature change in the 
xenon injection stte. 
are higher than the values at 6 and 24 hr (p <" 0.05). 
In 14 of the 19 subject!\ who developed UV ery-
thema, we occluded the arterial supply to the limb 
a nd obsen·ed in each case that xenon disappear-
ance in the erythematou:-; skin fell to zero. This 
established that high xenon disappearance rates 
following U\' represent high skin blond flow rates 
and not high rate~ of tran~epidermaJ diffusion (6]. 
The regre~!.ion of temperature on flow computed 
for 87 simultaneou!> meao.;urement~ in adjacent 
sites (Table ll yields the equation <~ 0.1 x + 
29.2) . The correlation coefficient , r 0.70. demon-
strate!'! that temperature and flo\\ are linearly 
related throughout much of their range. Tempera -
ture mea!>ured at the site of xenon inject ron on 20 
occasions (Fig. 2) invariably dropped immediately 
following injection (p < 0.001) with a mean change 
of l.0°C. The temperature gradually returned to 
the cont rol \'alue and was alway~ les. than the 
immediately preceding temperature during 1 he 
time required to measure the skin blood flow rate. 
Because skin temperature and skin blood flow arc 
directly related [13]. the drop of skin temperature 
at the xenon inject ion site indicates that the rate of 
skin blood flow at that site is lower than the ra t e of 
blood flow in surrounding skin . 
One suhjel't. Ms. TW, age 22. not repre~ented in 
the Tables and Figures, exhibited a flare reaction 
around the injection site on 4 occasions. , he had 
had eczema as a child and had hand eczema at the 
time she waf\ studied. She had no color change in 
response to l ' \'. :\evertheless for 4 nbsen·a t ions, 
skin blood flow was l:l .:l - 4.0 s.e.m. ml/min/ 100 
gm. skin tempera I ure was :l1.1 + 0.4 !-..e.m. °C , and 
the skin temperature dropped at the site of injec-
tion 0.8 t 0.1 s.e.m. °C . These' alue!> do not differ 
from those in Tables [and II . On no 0 1 her occa!>ion 
have we observed a flare reaction. including the 
101 xenon injectionf\ in Table I and 2fi xenon 
injections in another 14 subjects [1). 
